Inflation gives rise to a nearly scale-invariant spectrum of tensor perturbations (gravitational waves), their contribution to the Cosmic Background Radiation (CBR) anisotropy depends upon the present cosmological parameters as well as inflationary parameters. The analysis of a sampling-variancelimited CBR map offers the most promising means of detecting tensor perturbations, but will require evaluation of the predicted multipole spectrum for a very large number of cosmological parameter sets. We present accurate polynomial formulae for computing the predicted variance of the multipole moments in terms of the cosmological parameters Ω Λ , Ω 0 h 2 , Ω B h 2 , N ν , and the power-law index n T which are accurate to about 1% for l ≤ 50 and to better than 3% for 50 < l ≤ 100 (as compared to the numerical results of a Boltzmann code).
I. Introduction
Inflation makes three robust predictions: flat Universe and nearly scale-invariant spectra of scalar (density) and tensor (gravitational-wave) metric perturbations [1] . The scalar [2] and tensor [3] perturbations arise from quantum mechanical fluctuations on very small scales during inflation and are stretched to astrophysically interesting scales by the tremendous growth of the cosmic scale factor during inflation.
Both the scalar and tensor perturbations give rise to anisotropy in the temperature of the Cosmic Background Radiation (CBR) seen on the sky today, most conveniently described by their contribution to the multipole decomposition of the CBR temperature δT (θ, φ)/T = ∞ l=2 l m=−l a lm Y lm (θ, φ).
(1.1)
The scalar and tensor contributions to the anisotropy predicted by inflation are uncorrelated and statistical in character. The individual multipoles that describe our sky are
given by the sum of a scalar plus tensor contribution, with these contributions being drawn from gaussian distributions with variances |a The expected scalar [4] and tensor contributions are shown in Fig. 1 for a nominal set of cosmological parameters.
CBR anisotropy offers a very promising means of testing inflation as well as determining the scalar and tensor perturbations. If both can be measured, then information about the underlying inflationary potential can be derived (value of the potential and its first few derivatives at a point) [5] . Key to doing this is a high-angular-resolution (better than 0. The separation of the scalar and tensor contributions to CBR anisotropy is likely to be done by maximum likelihood techniques and will require accurate predictions for the scalar and tensor contributions (1% or better) to the anisotropy for many sets of cosmological and inflationary parameters. At present, achieving such precision requires numerically integrating Boltzmann equations, which is very time consuming (typically requiring many hours on a powerful workstation for one set of cosmological parameters) [6] . The need for a fast and accurate approximation scheme is manifest.
Many analytic approximations to the tensor angular power spectrum have been explored [7] . The most accurate is as time consuming as numerically integrating the Boltzmann equations [8] , and even schemes with less accuracy require significant computation time (tens of minutes). This motivated the present approach -a polynomial fit that can be evaluated very rapidly (much less than a second for a set of cosmological parameters).
The tensor angular power spectrum, C l (P ) = |a T lm | 2 , depends upon a set of cosmological and inflationary parameters denoted here by P . The set P is: the baryon density, Ω B h 2 ; the matter density, Ω 0 h 2 ; the level of radiation in the Universe, parameterized by the equivalent number of massless neutrino species N ν ; the present vacuum-energy density, Ω Λ ≡ 1 − Ω 0 ; and the primordial power-law index of the tensor perturbations, n T (n T = 0 for scale invariant tensor perturbations). We will only be concerned with the shape of the angular power spectrum; the overall amplitude of the angular power spectrum, conveniently specified by C 2 , depends upon the inflationary parameters (the value of the inflationary potential in Planck units) as described elsewhere [9] . In most approaches, the shape (C l /C 2 ) and the overall amplitude (C 2 ) are determined independently.
The dependence upon the parameters is simple to explain. The shape of the angu-lar power spectrum depends on the redshift of last scattering and the evolution of the gravitational waves after they enter the horizon, which depends upon the evolution of the cosmic scale factor. The redshift of last scattering (more precisely, the peak of the visibility function; see Appendix B) depends upon the baryon density, the matter density, and the level of radiation in the Universe. The evolution of the scale factor of the Universe around last scattering depends upon the relative levels of matter and radiation through the value of the scale factor at matter-radiation equality,
The recent evolution of the scale factor, which depends upon Ω Λ as well, is also important for gravitational wave modes which have recently entered the horizon and influence the low l multipoles. Finally, the primordial spectral shape of tensor perturbations (described by n T ) also affects the shape of the angular power spectrum.
We have engineered our fits based upon the numerical results of the Boltzmann code written by Dodelson and Knox [10] ; they believe that their code is accurate to better than 1%. We expand C l (P ) around a fiducial set of parameters: for Ω Λ = 0 (Ω 0 = 1), h = 0.5,
.0125, and n T = 0; and for Ω Λ = 0, Ω 0 h 2 = 0.125, Ω B h 2 = 0.0125, Ω Λ = 0.5, N ν = 3 and n T = 0. These two cases are treated in the next two Sections. We end with a brief discussion of the accuracy of our fits.
II. Zero Cosmological Constant
For Ω Λ = 0, the cosmological parameters are (h, N ν , Ω B h 2 , n T ). We define a parameter 1) which is related to R EQ of Eq.(1.2).
We expand the tensor multipole spectrum for P around the tensor multipole spectrum for P = Q ≡ (0. 5, 3, 80, 0) [which corresponds to h = 0.5, N ν = 3, Ω B h 2 = 0.0125, and n T = 0]. We write
where
The coefficients are found numerically by fitting to the variation due to each parameter separately. Identifying the relevant vector of parameters minimizes the need for cross terms.
The P 1 coefficients are 
III. Nonzero Cosmological Constant
For Ω Λ > 0, the cosmological parameters are (Ω 0 h 2 , Ω B h 2 , Ω Λ , N ν , n T ). The procedure of fitting is similar to the Ω Λ = 0 case, but slightly more complicated because one "cross term" is required to achieve sufficient accuracy.
Here we define the parameter vector,
Again, we expand the C l 's for P around the C l 's for a standard set of cosmological parameters, S. For Ω Λ < 0.36, we take S = (0. 
For Ω Λ < 0.36,
3)
The P 4 coefficients are The P 4 coefficients are (3.9) Note that ν(l) ≃ g(l).
The cross-term coefficient is (3.10)
IV. Discussion
By identifying the relevant cosmological parameters we have developed a fast (≪ 1 sec)
and accurate (few percent or better) algorithm for computing the shape (C l /C 2 ) of the tensor angular power spectrum for a primordial tensor power spectrum of the form 1) where τ 0 is the conformal time today. Our algorithm employs a polynomial in the pa-
To assess the accuracy of our algorithm we sampled the following parameter intervals uniformly and at random: 0.35 Figs. 2 and 3 we show the histograms of the maximum error in C l /C 2 for Ω Λ = 0 and Ω Λ = 0 respectively. For Ω Λ = 0 the maximum error (relative to the Boltzmann code of Ref. [10] ) is less than about 0.5% for l ≤ 50 and less than about 2% for l ≤ 100. For Ω Λ = 0, the accuracy is slightly worse, better than about 1% for l ≤ 50 and better than about 3% for l ≤ 100. In the case of Ω Λ = 0 the largest errors occur for Ω 0 h 2 < 0.05 (large Ω Λ and small h).
The tensor contribution to the quadrupole plays a special role. It provides a convenient overall normalization for the angular power spectrum and can be related to the value of the inflationary potential when the comoving scale k * = H 0 crossed outside the horizon during inflation [9] : 2) where the functions f (0,1) T
(Ω Λ ) are given by
The dependence of this relationship on cosmological parameters other than Ω Λ is much less significant [9] .
There is even more motivation for developing a fast and accurate algorithm for the scalar angular power spectrum. However, this task is more challenging: the power spectrum has more structure (cf., Fig. 1 ) and that structure extends to higher multipoles.
We are currently working on an algorithm for the scalar angular power spectrum. present back to redshift z) is given by
where dt is the proper time interval, n e (z) is the electron number density, and σ T = 
